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METHOD AND APPARATUS FOR RECORDING
AND RECONSTRUCTING BINARY DATA IN A
COMPRESSED FORM.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the storage of binary
data in a compressed form. More particularly, the pres-
ent invention relates to the storage and access of binary
data for subsequent generation on a display.

2. Art Background

Binary data, such as that representative of a graphical

or plxel image, or data representatlve of a Signal wave
form, is typically stored in one of two ways. In a first
method, the binary values are simply stored in a buffer or

memory. Although advantageous due toits sunpllclty of
implementation, as the size of the binary stream increases

so does the amount of memory required to store the
information. Therefore, it is typically preferred to store
the binary stream in a compressed form.

One widely used compressed format is referred to as

- the store-on-change format. This format is effective for:

highly repetitive binary data. In a system which utilizes-
a store-on-change format, an entry in a list is created
each time the state of the binary data changes. A param-
eter associated with each entry identifies the length of
the binary string for a particular data value. Although
this format works well with data which consists of long

strings of constant binary data values, the amount of
memory needed to store a rapidly or frequently chang-
ing binary string is quite significant. |

As is well known in the art, other data compression
techniques have been developed to save on the amount
of memory required to store the data. However, these
techniques can be quite complex and require significant
processing overhead.

SUMMARY OF THE INVENTION

1t is therefore an object of the present invention to

provide a simple, straightforward process and apparatus
or implementation of the same, for storing binary data in
a compressed form, and subsequently retrieving the
- stored compressed data for regeneration of the data for
display.

It is further an object of the present invention to
provide a system which stores binary strings in com-
pressed form with little overhead realized.

In the process of the present invention, the input data,
which consists of a string of binary data, 1s stored tem-
porarily in a buffer of a pre-determined size. When a
count indicating a pre-determined number of bits have
been read into the buffer, the bits are examined to deter-
mine the number of transitions which occurred in the
group of bits for the present count. If more than one
transition has occurred, a pattern is tagged and a pattern
code is generated which represents the pattern. The
pattern code 1s then stored in a list, preferably a linked
list, and identified to have a length of one. The counter
is then reset and the next stream of input data 1s read
into the buffer. |

If the pattern detected subsequently is the same as the
previous pattern recorded in the linked list, the length
parameter of that previous node of the list is simply
incremented by one, to indicate the repetition of the
pattern.
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If a pattern is not detected in the input string, then the
input string is stored in an alternate format, such as an
alternative compression format. Preferably, a store-on-
change format node is generated.

In a preferred embodiment, the data structure of each
node of the link list is similar to that of the store-on-
change format. However, an additional parameter is
added to identify a pattern code, if applicable. Thus, 1if
a pattern is represented, the pattern code 1s provided at
the node and the change parameter indicative of the
non-pattern value is set to a null value, to indicate that
the node identifies a pattern.

If no pattern is determined, the string is stored in the
store-on-change format. Thus, the change parameter of
the nodes generated to represent the input string is set to
the value indicative of the state of the input string. In

addition, the pattern code parameter is set to a null

value. This format provides great flexibility, enabling
both pattern and non-pattern data to be compressed in

0 some form to save on memory space.
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Preferably, the method and apparatus of the present
invention is used to store signal wave forms, recorded
and stored in memory for subsequent display on a
graphics display device or for output to another pro-
cessing device. For wave forms representative of re-
peated patterns such as clock signals, the compression
factor is quite significant, with little processing over-
head incurred during storage and retrieval of the data
for display.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present
invention will be apparent to one skilled in the art from
the following detailed description, in which:

FIG. 1 is a block diagram representation of a system
utilizing the method and apparatus of the present inven-
tion.

- FIG. 2 is a flowchart which sets forth one embodi-
ment of the process of the present invention.

FIG. 3a is a block diagram representation of one
embodiment of the apparatus of the present invention.

FIG. 3b is a block diagram representation of an illus-
trative linked list utilized in the preferred embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

In the following description, for purposes of explana-
tion, numerous details are set forth in order to provide
a thorough understanding of the present mmvention.
However, it will be apparent to one skilled in the art
that these specific details are not required mn order to
practice the invention. In other instances, well known
electrical structures and circuits are shown in block
diagram form in order not to obscure the present inven-
tion unnecessarily.

An illustrative system which incorporates present
invention shown in FIG. 1. Processor 10 is coupled to a
plurality of devices, such as memory 30, and mput/out-
put devices, such as keyboard 40 and display 20. The
display device 20 preferably displays a graphical image
of the binary data, stored in accordance with the teach-
ings of the present invention. The binary data maybe
input to the system using a variety of means, such as 1/0
device 50, for example a signal wave form detector or
logic analyzer, which detects signals generated by a
component on a signal line and generates a digital or
binary representation of the wave form.
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‘The data input is then stored in accordance with the
teachings of the present invention in memory, such as
memory 30, and subsequently, accessed and displayed
on display device 20. It is readily apparent to one skilled
in the art that the teachings provided herein can be used 5
for other purposes aside from the storage of wave
forms. The process of the present invention will now be
described with reference to the embodiment set forth in
the flow diagram of FIG. 2.

A buffer 1s allocated for storage. In one embodiment,
the size of the buffer is set to a pre-determined amount
to store the number of samples of a signal which com-
prise one pattern. A count is maintained to track the
number of samples input to the system. Although the
present discussion is directed to samples of one signal, it
is readily apparent that the process can be expanded to
multiple signals. At Step 100, 2 sample signal is read into
the buffer and stored temporarily. At Step 110, the
counter is incremented. A check is then made to deter-
mine if the count equals the number of samples used to
form a pattern.

At step 115, if the count does not equal the pre-deter-
mined number of samples, the process returns to step
100 to read in the next sampled signal into the buffer.
Thus, once the buffer contains a number of sample sig-
nals which correspond to the length of a pattern, the
sequence of binary data stored in the buffer is checked
to determine if a pattern exists.

In the present embodiment, the number of transitions
between states is counted and if the number of transi- 30
tions is greater than a determined minimum number of
transitions, for example one, a pattern is tagged or de-
clared. Although in the present illustration a pattern is
tagged if there is a2 minimum of one transition in the
group of samples, it may be desirable, depending upon 35
the application, to increase the minimum number of
transitions detected before a pattern is tagged. In the
present embodiment, if the number of transitions is less
than or equal to one, at step 125, no pattern is detected
and the sequence of bits is stored in an alternate format, 40
such as the store-on-change format described. If a pat-
tern 1s tagged, then the corresponding pattern code is
then determined, step 130.

It is readily apparent that a number of different cod-
ings may be used to represent the pattern of the se-
quence of bits. In the present embodiment, the code is
identified according to its digital value, corresponding
to the binary sequence. Thus, for example, pattern code
0 corresponds to pattern 00000000. Similarly, pattern
code 1 corresponds to pattern 00000001 and pattern
code 2 corresponds to pattern 0000010. |

Once the pattern code is determined, at step 140, the
prior entry in the list or node is checked to determine if
the current pattern code is the same as the previous
pattern code stored. If it is, substantial storage savings is 55
realized by incrementing a length parameter for that
node to indicate the presence of the pattern. Thus, in-
' stead of storing two sequences of identical patterns, one
sequence with a length value of two is stored.

If the previous pattern stored is not the same as the
current pattern, then a new node is generated, step 150,
identifying the pattern code and the length or number of
repetitions of the code. The new node is stored at the
end of the list. Preferably, a linked list is used in which
an additional parameter of the node is a pointer to the 65
next node in the list.

The process continues until the end of the input if
reached, step 155. For each group of bits, the counter is
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reset, step 160, such that a new group of input signals
are read mto the buffer, step 100, and processed accord-
ingly.

A block diagram representation of one embodiment
of the apparatus of the present invention is shown in
FI1G. 3a. It 1s readily apparent that other structures may
be used to store and retrieve data in accordance with
the present invention. The input string 200 is sampled in
accordance with sampling clock 205 to store digital
data in the lead buffer 210. Sampling clock 205 further
drives the counter 215, which maintains a count of the
number of bits stored in the Buffer 210 and also pro-
vides an address to the buffer elements stored.

When the counter 215 reaches the pre-determined
value indicative of a pattern length, a signal, referred to
herein as “check”, is issued to the pattern detect logic
220. Preferably, the pre-determined value “n” is set to a
value which is equals the width of the buffer. Thus, for
example, if n=8, the buffer 210 is of a size to store 8§
pieces of digital data. However, it is readily apparent
that the buffer 210 could be of a larger size to store
multiple sequences of data as well as strings of varying
sizes.

The pattern detect logic 220, upon receiving the
check signal from counter 215, examines the string of
data mn the buffer 210 to determine if a pattern exists
and, if one does exist, whether the pattern is the same as
the previous pattern stored in the list. The output of the
pattern detect logic 220 forms a list 225, identifying the
signal input 200. Preferably, the data structure is in the
form of a linked list such as that shown in FIG. 35. FIG.
3b represents a single node or element of the linked list.

In the present embodiment, the node includes four
parameters to accommaodate both pattern and store-on-
change format information. The p value 250 is used to
store the pattern value determined for the current string
of binary values in the buffer. As mentioned above, the
p value 250 can take on a variety of forms, depending
upon the application. The m value 255 is utilized if a
pattern is not detected. This stores the store-on-change
value for a particular bit of data. Thus, in the present
embodiment, either the p value 250 or the m value 255
would be used for any node; the one not in use is set to
a pre-determined null value and therefore indicates
whether the node contains a pattern value or a simple
store-on-change bit value.

The length parameter 260 is used to identify the num-
ber of bits for a store-on-change format or the number
of sequential patterns which are the same. For repeat-
able patterns, this represents a significant savings in
space with very little overhead in order to process the
sequences. Preferably, a next pointer is provided, 265,
to point to a location in memory of the next node of the
linked list. Thus, this data structure provides a flexible
format for compressing data when patterns exist, as well
as for compressing data.

In the present embodiment, the length of the string, n,
is set to a pre-determined value equal to the size of the
buffer. However, in alternate embodiments, n could be
set to a different or varying value. For example, in an
alternate embodiment, an additional parameter for each
node is provided. The additional parameter identifies
the number of bits in the current pattern string. If pat-
terns of varying lengths are included in the input string,
or if the length of patterns vary from input data to input
data, this embodiment accommodates those changes
and variations. Thus, a simple but effective way for
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storing binary strings of data in compressed form is
provided.

To retrieve uncompressed data for subsequent use,

such as displaying the binary strings on a display device
or outputting the data to another device for subsequent
processing or analysis, the reverse process is imple-
mented. Thus the linked list is accessed and each node
in sequence is read. From the values of the p value, m
value and length value, the pattern or bit value and the
number of times the pattern or bit value is repeated are
determined, and the corresponding binary string gener-
ated. The next node pointer points to each subsequent
node in the length list, so that all the data is retrieved.

The present invention has been described in conjunc-
tion with the preferred embodiment. It is evident that
numerous -alternatives, modifications, variations and
uses will be apparent to those skilled in the art in light of
the foregoing description.

What is claimed is:

1. A method for storing binary data, each bit of data
baving a first state or second state, said method com-
prising the steps of:

recetving a string of binary input data;

incrementing a count for each bit of data received:

reviewing the received binary input data when the

count reaches a determined count value n to deter-
mine the number of transitions between a first and
second state and the position of the transitions in
the string; |

if the number of transitions is greater than a minimum

number of transitions indicative of a pattern,

determining a pattern code for the string of binary
input data, |

accessing a previous output node of a list contain-
ing a previous pattern code representative of a
previous string of input data,

if the pattern code in the previous output node is
equal to the pattern code of determined, incre-
menting the previous output node’s length pa-
rameter by one, said length parameter identify-
ing the number of sequential repetitions of the
pattern identified by the pattern code, and

if the pattern code in the previous output node is
not equal to the pattern code of determined,
generating a pattern node to add to the stored
list, said node comprising the pattern code and
the length of the parameter, set initially to a
value of one; |

if the number of transitions is less than/equal to the

minimum number of transitions, generating at least
one bit node to add to the stored list, each bit node
sequentially identifying the state of the bits and the
number of sequential occurrences of the same state
in string of binary input data;

wherein the amount of data required to store the

input binary data is decreased.

2. The method as set forth in claim 1, wherein the step
of generating at least one bit node comprises generating
nodes in accordance with store-on-change format.

3. The method as set forth in claim 1, further compris-
ing the step of retrieving the stored data, comprising the
steps of:

reading the list of nodes,

for each node, determining the pattern code or bit

state and length values; and |

generating uncompressed binary data by generating

as output the pattern of binary values represented
by the pattern code or bit state identified in the
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6
node a number of times identified by the length
value;

wherein the compressed stored data is retrieved and

regenerated.

4. The method as set forth in claim 1, wherein the list
is a linked list and said method further comprises the
steps of generated a linked list pointer value which
points to the location of the next subsequent node in the
hnked list, the last node in the list comprises a null
pointer value.

5. The method as set forth in claim 1, wherein a node
comprises a pattern value field, a bit value field and
length field, if a node is generated, said method further
comprising the steps of:

if the number of transitions is greater than the mini-

mum number of transitions, setting the bit value
field to a null value to indicate that the node com-
prises a pattern value; and

if the number of transitions is less than/equal to the

minimum number of transitions, setting the pattern
value field to a null value to indicate that the node
comprises a bit value.

6. The method as set forth in claim 1, wherein the
count value n is varied, said method further comprising
the steps of setting a count value field in each node to
the count value for the string represented by the node.

7. The method as set forth in claim 6, further compris-
ing the step of modifying the count value n if a pattern
is found to occur in a string of a length greater than or
less than the current value of n.

8. The method as set forth in claim 1, wherein the
minimum number of transitions equals one.

9. An apparatus for storing compressed binary data
comprising:

input means for receiving binary data, each bit of data

having a first or second state; :

a buffer for temporarily storing at least one string of

binary data of a length n;

a counting means for maintaining a count of bits

stored in the buffer; |

pattern detect means coupled to the counting means

and the buffer for examining the string of data
stored in the buffer when the count of bits equals n,
said pattern detect means comprising;

means for determining the number of transitions be-

tween states in the string of bits;

if the number of transitions is greater than a mini-
mum number of transitions,

means for determining a pattern code according to
the pattern of transitions in the string of binary
input data,

~ means for accessing a previous output node of a list

- contamning a previous pattern code representa-

tive of a previous string of input data,

if the pattern code in the previous output node is
equal to the pattern code of determined, means
for incrementing the previous output node’s
length parameter by one, said length parameter
identifying the number of sequential repetitions
of the pattern identified by the pattern code, and

if the pattern code in the previous output node is
not equal to the pattern code determined, means
for generating a pattern node to add to the stored
list, said node comprising the pattern code and
the length of the parameter, set initially to a
value of one; and

if the number of transitions is less than/equal to the

minimum number of transitions, means for generat-
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ing at least one bit node to add to the stored list, if the number of transitions is greater than a mini-
each bit node sequentially identifying the state of mum number of transifions, said pattern detect
the bits and the number of sequential occurrences logic comprising,
of the same state in string of binary input data; a comparator for determining a pattern code
wherein the amount of data required to store the 3 according to the pattern of transitions in the
input binary data is decreased. string of binary input data, __

10. The apparatus as set forth in claim 9, further com- data accessing means for accessing a previous
prising a means for retrieving the stored data, compris- output node of a list containing a previous
ing: pattern code representative of a previous

means for reading the list of nodes, 10 string of put data,

for each node, means determining the pattern code or if the pattern code in the previous output node is

bit state and length values; and equal to the pattern code of determined, an

incrementor for incrementing the previous
output node’s length parameter by one, said

15 length parameter identifying the number of
sequential repetitions of the pattern identified
by the pattern code, and

output means for generating uncompressed binary
data by generating as output the pattern of binary
values represented by the pattern code or bit state
identified in the node a number of times identified

by the length value; : : - -
wl:z;eei:e:.gfegompres sed stored data is retrieved and i gl:t p:::lt:;n :gdfhlg t;:uiﬁwgﬁ : u;g?;mz :E
' _ : 20 means for generating a pattern node to add to
11. The apparatus as set forth in claim 10, further the stored glist, said nodI; comprising the pat-
comprismg: - tern code and the length of the parameter, set
a display for displaying binary data; and ‘ initially to a value of one; and
display control means for displaying on the display if the number of transitions is less than/ equal to the
the regenerated data. 25 minimum number of transitions, means for generat-
12. The apparatus as set forth in claim 9, wherein the ing at least one bit node to add to the stored list,
minimum number of transitions equals one. each bit node sequentially identifying the state of
_ 1_3 Tl_fle appar atus as set forth in Claﬂ_ﬂ 9, W1_131' ein the the bits and the number of sequential occurrences
list 1s a linked list and each node of the linked list further of the same state in string of binary input data;
comprises a linked list pointer value which points to the 30  wherein the amount of data required to store the
location of the next subsequent node in the linked list, input binary data is decreased.
the last node in the list comprises a null pointer value. 19. The apparatus as set forth in claim 18, wherein the
14. The method as set forth in claim 9, wherein the bit  minimum number of transitions is equal to one.
node 1s generated in accordance with the store-on- 20. The apparatus as set forth in claim 18, further
change format. 35 comprising a means for retrieving the stored data, com-
15. The apparatus as set forth in claim 9, wherein  prising:
each node comprises a pattern value field, a bit value means for reading the list of nodes,
field and length field, wherein: for each node, a comparator and level detector for
if the number of transitions is greater than one, the bit determining the pattern code or bit state and length
value field is set to a null value to indicate that the 40 values; and .
node comprises a pattern value; and - output means for_ generating uncompressed b:fnary
if the number of transitions is less than/equal to one, data by generating as output the pattern of binary
the pattern value field is set to a null value to indi- values represented by the pattern code or bit state
cate that the node comprises a bit value. 1dentified in the node a number of times identified

16. The apparatus as set forth in claim 9, wherein the 4° by the length value; . ..
count value n is varied, said apparatus further compris- wherein the compressed stored data is retrieved and

ted.

ing a means for setting a count value field in each node regencra : :

to the count value for the string represented by the 21. The apparatus as set forth in claim 20, further
node. comprising:

50 a display for displaying binary data; and

17. The apparatus as set forth in claim 16, further display control means for displaying on the display

comprising means for modifying the count value n if a the regenerated data

pattern is found to occur in a string of a length greater 22. The apparatus as set forth in claim 18, wherein the
thal‘; or less than thef current value of n. list is a linked list and each node of the linked list further
- An aPp aratus lor storing compressed binary data comprises a linked list pointer value which points to the
COmpIising: o _ _ location of the next subsequent node in the linked list,
an mput port for receiving binary data, each bit of the last node in the list comprises a null pointer value.

data having a first or second state; _ 23. The apparatus as set forth in claim 18, wherein
memory for temporarily storing at least one string of each node comprises a pattern value field, a bit value

binary data of a length n; | ‘ 60 field and length field, wherein:
a counter for maintaining a count of bits stored in the if the number of transitions is greater than one, the bit
buffer; ' value field is set to a null value to indicate that the
pattern detect logic coupled to the counting means node comprises a pattern value; and
and the buffer for examining the string of data if the number of transitions is less than/equal to one,
stored in the buffer when the count of bits equals n, 65 the pattern value field is set to a null value to indi-
said pattern detect logic comprising; cate that the node comprises a bit value.
a level detector for determining the number of 24. The apparatus as set forth in claim 18, wherein the

transitions between states in the string of bits: count value n is varied, said apparatus further compris-
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ing a means for setting a count value field in each node
to the count value for the string represented by the
node. |

25. The apparatus as set forth in claim 24, further
comprising means for modifying the count value n if a
pattern 1s found to occur in a string of a length greater
than or less than the current value of n.

26. The apparatus as set forth in claim 18, wherein
said means for generating at least one bit node generates
a node m accordance with store-on-change format.

27. In a system comprising a central processing unit
(CPU), memory, a display device and at least one input-
/output device, an apparatus for storing a binary stream
representative of an input signal, comprising:

a buffer located in the memory for temporarily stor-
ing at least one string of binary data representative
of a portion of the input signal;

a counter for maintaining a count of bits stored in the

buffer;
pattern detect logic coupled to the counting means
and the buffer for examining the string of data

stored in the buffer when the count of bits equals n,
said pattern detect logic comprising;

a level detector for determining the number of transi-
tions between states in the string of bits;

if the number of transitions is greater than a mini-

mum number of transitions, then

a comparator for determining a pattern code ac-
cording to the pattern of transitions in the string
of binary input data,

data accessing means for accessing a previous out-
put node of a list stored in the memory contain-
ing a previous pattern code representative of a
previous string of input data,

5,386,211
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10

if the pattern code in the previous output node is
equal to the pattern code of determined, an in-
crementor for incrementing the previous output
node’s length parameter by one, said length pa-
rameter identifying the number of sequential
repetitions of the pattern identified by the pat-
tern code, and

if the pattern code in the previous output node is
not equal to the pattern code determined, means
for generating a pattern node to add to the stored
list, said node comprising the pattern code and
the length of the parameter, set initially to a
value of one; and if the number of transitions is
less than/equal to the minimum number of transi-
tions, means for generating at least one bit node
to add to the stored list, each bit node sequen-
tially identifying the state of the bits and the
number of sequential occurrences of the same
state in string of binary input data;

wherein the amount of data required to store the
input binary data in memory is decreased.
28. The apparatus as set forth in claim 27, further

comprising a means for retrieving and displaying the
stored data, comprising:

means for reading the list of nodes,
for each node, a means for determining the pattern
code or bit state and length values: and

output means for generating uncompressed binary
data by generating as output the pattern of binary
values represented by the pattern code or bit state
identified in the node a number of times identified
by the length value; and

display control means for displaying on the display

the regenerated data.
¥ * % % %
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